The epidemiology and natural history of onchocerciasis and its ocular complications in rain forest areas are poorly understood. The present study was conducted on a rubber plantation-in a hyperendemic area in the rain forest of Liberia, West Africa, where 800 persons were examined. The 
Onchocerciasis is a major public health problem in equatorial West Africa.' Furthermore, mortality in blind adults is, on average, three to four times greater than of people of the same age who can see. 2 Although much has been learned about the systemic manifestations of the disease and the ocular changes in the anterior segment, especially in savanna areas,34 relatively little is known about the epidemiology and natural history of the ocular complications in rain forest areas of West Africa.
While onchocerciasis has been known to exist in Liberia since 1926,5 the importance of its ocular sequelae was not initially appreciated. A small study in 19556 found little evidence for severe ocular disease and reported a prevalence of infection of 40%, with 10% of patients having ocular involvement. Another report in 1958 found a prevalence of infection of 69%, but no cases of blindness or obvious lesions due to onchocerciasis were found despite slit-lamp examination. 7 Another study reported that 49% of adults infected with Onchocerca volvulus had microfilariae in the lateral canthus of the eye, an indicator of ocular involvement.8 Subsequent studies, however, have indicated that onchocerciasis is an important blinding disease in Liberia. In 1973, Frentzel-Beyme found significant ocular onchocerciasis and a blindness rate of 1 2% in the Bong Range.9 This was double the rate found in areas of Liberia free of onchocerciasis. In 1978 Connor and coworkersreported chorioretinitis in 22% and a blindness prevalence of approximately 1% in northern Liberia.'0 Chorioretinitis has also been reported in a high proportion of patients studied in clinical trials in Liberia. " We undertook a more detailed ocular survey of a population in a hyperendemic area of Liberia to provide further information on the epidemiology and natural history of anterior and posterior segment ocular disease in Liberia and on risk factors associated with those chorioretinal changes. significantly higher in those who worked as rubber tappers (89 3%) than in those with any other occupation (<0 02).
Materials and methods

CENSUS AND SAMPLING
Density of infection increased with age, and in males (6-5 microfilariae/mg) it was almost twice that in females (3-5 microfilariae/mg) ( Table 2) . Tappers were also the most heavily infected occupational group (8-6 microfilariae/mg) with students having the lowest density (3 9 microfilariae/mg).
BLINDNESS AND VISUAL IMPAIRMENT
The rates of blindness and visual impairment increased with age, with the highest rates occurring in people over 40 (Table 3 ). There were fewer blind males (1 6%) than blind females (3 9%). Although there was less blindness among the tappers (1-9%) than in other occupations (2 6%), more (1-4%) had low vision than did those with other occupations (1 2%). Blindness is the most serious sequel of onchocerciasis, and the three people who were bilaterally blind (vision <3/60 in each eye) all had lesions attributable to onchocerciasis (Table  4 ). In addition, there were 16 people who were monocularly blind (vision <3/60 in the worst eye), and five of these were blind from onchocerciasis. Seven of those with monocular blindness had some visual impairment (vision <6/18) in the fellow eye. In four of these the visual impairment was due to onchocerciasis lesions. Five subjects (0 6%) had binocular low vision and five (0 6%) had monocular low vision. Thus 29 subjects had visual impairment in one or both eyes. In 9 (31 0%) this was attributed to onchocerciasis, and of those in whom blindness or low vision was due to onchocerciasis it was due to anterior segment disease in four (40 0%) and to posterior segment disease in six (60 0%).
ANTERIOR SEGMENT FINDINGS
MfAC were present in 191 (23-9%). The prevalence of microfilariae in the anterior chamber increased with age for both males and females (Fig 1) . Live and dead microfilariae (MfC) were present in 13-6% of the population overall, but, except for an apparent increase in elderly women, there was less ofan increase with age (Fig 2) . The proportion of those with punctate corneal opacities was 19*1% overall, with no clear age or sex dependency, but again there was an increase in prevalence in the older women (Fig 3) . Sclerosing keratitis had an overall prevalence of 5% and was more common in the older subjects (Fig 4) .
POSTERIOR SEGMENT FINDINGS
Chorioretinal changes were present in 596 (76 2%) of 782 subjects with readable fundus photographs (Fig 5-11 associated with prior treatment with diethylcarbamazine and with limbitis. White and shiny intraretinal deposits were weakly correlated with punctate opacities in the cornea. All the people were classified on clinical and parasitological findings as to the overall likelihood oftheir actually having onchocerciasis. It should be remembered that they lived in an endemic area and were highly likely to have been exposed, if not infected. Those who had microfilariae in either the skin or the eye were classified as having definite onchocerciasis; those without skin or ocular microfilariae but who had punctate corneal opacities, sclerosing keratitis, charactersitic nodules, a history of previous treatment, or who had skin lesions consistent with onchodermatitis were classified as having probable onchocerciasis. People in whom all of the above criteria were negative were considered not to have onchocerciasis. Subretinal fibrosis and optic neuropathy were found only in those with definite onchocerciasis; retinitis, limbitis, and uveitis were found in those in the definite or probable groups (Table 6 ). Interestingly, atrophy of retinal pigment epithelium was common in each group but more prevalent in those patients with definite or probable onchocerciasis.
There was no correlation between onchocerciasis status and either age or sex, though a higher proportion of rubber tappers had onchocerciasis.
Discussion
Onchocerciasis was the main cause of bilateral blindness in this population. We found a high prevalence of ocular involvement and in particular a high prevalence of posterior segment changes. The examinations were in part carried out as a preliminary screen for clinical trial.'314 This may have introduced some bias, as it is possible that those who considered themselves healthy might see litttle purpose in participating. Indeed, we ascertained by interview that the requisite blood samples and skin biopsies were deterrents to participation for at least some people.
We found a prevalence of infection of 84%. This is higher than in a previous study in the area in 1975, which reported a prevalence of infection of only 63%,'5 but they took fewer skin snips. During the past 10 years there have been important changes in this area associated with the progressive development of the plantation, reported a 1 -2% blindness rate among 285 persons in a rural area,9 with the majority of blindness due to onchocerciasis. From a larger survey he later reported a 1-9% prevalence of blindness, with one-fourth attributable to onchocerciasis. 18 The presence of microfilariae in the anterior chamber (MfAC) is often taken as a measure of ocular disease in onchocerciasis, but the validity of this as an indicator is limited by the relative difficulty in obtaining reproducible data unless the examination technique is standardised.19 Prevalence figures for MfAC from various studies in Liberia show considerable differences for the data we report. Connor and coworkers found microfilariae in the anterior chamber in about 41% of their subjects,'" while Frentzel-Beyme reported a prevalence of only 8-7%.9 This lower figure is almost certainly due in part to the fact that the patients were examined without previous positioning with the head down.
In the present study, as in the Cameroon rain forest,10 older women had a higher prevalence of corneal microfilariae and punctate opacities. Perhaps this is because the older women remain in the population longer, but hormonal factors have also been implicated. Anderson and coworkers suggest that a protective role is played by hormonal factors in females during their reproductive years. 20 The prevalence of sclerosing keratitis was higher in our Liberian study (5%) than the 1 6% Figure 9 Advanced retinitis, IRP, RPEA, and otpic atrophy in a 30-year-oldfemale with a mean skin snip countof Figure 11 Large area ofacute retinitis in a 14-year-old 111 Mflmg.
patient with a mean skin snip count of9 Mflmg. 30 Liberian men" who were examined in great detail with direct and indirect ophthalmoscopy, fundus photography, fluorescein angiography, and triple-mirror contact lens examination. Even in the present study, with a somewhat less detailed examination including only indirect ophthalmoscopy and fundus photography, the prevalence of chorioretinal changes was high.
The pathogenesis of the chorioretinal changes in onchocerciasis is not clear, and many theories have been advanced. In 1935 Bryant suggested that the adult worms secrete a systemic toxin which affects the fundus and optic nerve.22 This 36 They suggested that the changes could be directly related to the presence of microfilariae in the retina. Microfilariae were found in the retina adjacent to the areas of retinal pigment epithelial changes, but with no surrounding inflammation. This would point to either a purely mechanical effect resulting from the passage of microfilariae through the retina or to the effect of toxins released by microfilariae. In their studies there was massive death of microfilariae and possibly an accumulation of microfilarial antigens, producing a change in the host immune status. This in turn could be followed by severe inflammation causing the tissue damage in the retina. Punctate corneal opacities, which are acute inflammatory foci enveloping dead microfilariae, demonstrate a similar chain of events in the anterior segment.
We conducted a risk factor analysis to gain further insight into the pathogenesis of some of the chorioretinal changes. We found a strong correlation between both anterior segment disease (live and dead microfilariae punctate opacities, and sclerosing keratitis) and systemic markers of cumulative disease (age, numbers of skin microfilariae, occupation, and total number of nodules). This suggests that similar mechanisms are likely to cause both atrophy of retinal pigment epithelium and the anterior segment changes. The significance of the shiny, white intraretinal deposits seen in patients with onchocerciasis in unclear. These lesions were correlated with punctate opacities and may point to an inflammatory aetiology. It is possible that they represent the retinal equivalent of the corneal lesions and are small focal areas of inflammation surrounding dead or dying microfilariae; it may not be possible to determine their exact nature until further histopathological material is available.
The impact of onchocerciasis in rain forest areas in terms of visual impairment has often been underestimated, but our results suggest it is of considerable importance. Most posterior segment changes in onchocerciasis threaten sight and may cause irreversible damage. Further studies are needed to identify risk factors for chorioretinitis in hyperendemic areas and to treat as early as possible so that some visual loss may be prevented.
